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[57] ABSTRACT 
A method and multiple embodiments of apparatus for 
coating particles with a substance contained in a reac 
tant gas, the particles being suspended in a ?uidized bed 
within a coating chamber. In the method and each em 
bodiment of the apparatus, the reactant gas is intro 
duced into the coating chamber through an elongated 
nozzle closed at its upper end and including multiple 
lateral ori?ce openings for directing the reactant gas 
radially outwardly into the coating chamber. Means are 
preferably arranged about the base of the nozzle for 
introducing levitating gas radially and spirally out 
wardly into the chamber to further promote circulation 
of the particles and to accomplish more uniform coat 
mg. 

7 Claims, 11 Drawing Figures 
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FIGURE '6. FIGURE II. 

FIGURE 5. FIGURE IO. 
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FLUIDIZED BED-GAS COATER APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for 
accomplishing the gas coating of particles suspended in 
a ?uidized bed and more particularly to such an appara 
tus where the particles are dispersed and suspended in 
the ?uidized bed by means of a levitating gas with reac 
tant or coating gas being introduced into the ?uidized 
bed through an elongated nozzle extending upwardly 
from the coating chamber ?oor. 

It is well known in the prior art to employ gas coating 
within a ?uidized bed for coating particles and other 
objects immersed in the bed. The coating may be 
formed by the decomposition, polymerization, conden 
sation and/or chemical reaction of a gas, vapor or gas 
vapor mixture. As a particular example of such a pro 
cess, pyrolytic carbon or metallic carbides are com 
monly applied by such a process to provide protection 
for nuclear fuel particles of the type used in nuclear 
reactors. The fuel particles are small, for example, on 
the order of 500 microns, and may be formed from a 
suitable ?ssle and/or fertile material such as uranium, 
plutonium, thorium or suitable compounds of such ma 
terials. 

Within a nuclear reactor, the nuclear fuel particles 
are exposed to conditions of high temperature and se 
vere irradiation over long periods of operation. In order 
to assure continued effectiveness within such an envi 
ronment, it has become common practice to coat the 
fuel particles with an impermeable material in order to 
retain gaseous and metallic ?ssion products within the 
con?nes of the individual particles. 
The coatings may be applied within a high tempera 

ture coating chamber through the introduction of a 
reactant gas having as a substantial component, or con 
sisting entirely of, a suitable hydrocarbon such as acety 
lene, propylene‘, propane or methane. The desired coat 
ing is thus deposited through the high temperature de 
composition of the hydrocarbon gas. 
Examples of fuel particles provided with such coat 

ings are disclosed and set forth for example in U.S. Pat. 
No. 3,325,363 issued June 13, 1967 to Goeddel et al.; 
U.S. Pat. No. 3,298,921 issued Jan. 17, 1968 to Bokros et 
al.; U.S. Pat. No. 3,361,638 issued Jan. 2, 1968 to Bokros 
et al.; and U.S. Pat. No. 3,649,452, issued Mar. 14, 1972 
to Chin et al. 
When the particles to be coated are relatively small, 

the coating operation may be efficiently carried out 
with the particles suspended in a ?uidized bed within a 
high temperature coating chamber. The levitation or 
suspension of the particles within the ?uidized bed may 
be achieved through the controlled introduction of a 
hydrocarbon gas, an inert carrier gas or a combination 
thereof into the coating chamber for dispersion through 
the particle bed. Most commonly, an inert carrier gas 
such as argon, helium, nitrogen or hydrogen is em 
ployed for this purpose. 

In a coating chamber for such an operation, the parti 
cles may be dispersed and suspended by means of the 
inert gas in order to form a ?uidized bed. A reactant gas 
may be introduced into the ?uidized bed by means of a 
nozzle, the reactant gas being decomposed by high 
temperature within the coating chamber in order to 
deposit the coated material upon the particles. The 
various conditions for carrying out such a coating oper 
ation are well known in the prior art including tempera 
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2 
ture ranges for the coating chamber as well as rates and 
pressures under which both the reactive and levitating 
gases may be introduced as well as the duration of the 
coating operation. 
High temperature gas coating operations of this type 

are relatively complex and may accordingly involve 
numerous problem areas which must be resolved in 
order to deposit uniform coatings throughout pro 
longed operations. Two such problem areas are particu 
larly contemplated in connection with the present in 
vention. 

Initially, a problem arises due to introduction of the 
reactant gas into the high temperature coating chamber 
through a vertically extending nozzle which is open at 
its other end. A buildup of carbonaceous material, com 
monly referred to as “overcoating”, may occur at the 
open end of the nozzle. This phenomenon is a particular 
problem since the carbonaceous overcoating on the 
nozzle interferes with the rate of ?ow for the reactant 
gas entering the coating chamber and also interferes 
with the pattern of dispersion for the reactant gas 
throughout the coating chamber. 
An additional problem area of particular concern in 

relation to the presentinvention involves the need for 
maintaining uniform distribution and circulation of par 
ticles throughout the ?uidized bed. These factors of 
uniform distribution and particle circulation are particu 
larly important in developing uniform coatings for en 
tire particle batches in the coating chamber. 

Accordingly, there has been found to remain a sub 
stantial need for an improved method and apparatus for 
carrying out the gas coating of particles suspended in a 
?uidized bed. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an improved apparatus for carrying out the gas 
coating of particles suspended in a ?uidized bed while 
overcoming one or more problems of the type referred 
to above. 

It is a more speci?c object of the invention to provide 
gas coating apparatus of this type wherein reactant gas 
is introduced into a coating chamber through an elon 
gated nozzle extending into the coating chamber with 
the extended end of the nozzle being subject to deposi 
tion of material from the reactant gas, this deposition 
effect being reduced through the provision of a nozzle 
which is generally closed at its upper end while having 
a plurality of lateral openings for introducing reactant 
gas into the coating chamber. Such a con?guration for 
the reactant gas nozzle tends to cause the reactant gas to 
penetrate into the ?uidized bed of particles while mini 
mizing the tendency for material from the reactant gas 
to build up on the extended end of the nozzle. 
The radially outward velocity imparted to particles 

by the reactant gas emerging from the openings in the 
nozzle tends to result in a more uniform coating. In 
particular, the outward velocity effect promotes bulk 
circulation of particles through the bed with particle 
?ow tending to follow a path outwardly from the noz 
zle tip, upwardly along lateral walls of the coating 
chamber and downwardly through an axially central 
portion of the coating chamber ‘so that all of the parti 
cles in the chamber tend to experience more uniform 
coating. . 

It is an even more speci?c object of the invention to 
provide such gas coating apparatus wherein the lateral 
openings in the nozzle are angled upwardly in order to 
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even further reduce overcoating of the extended end of 
the nozzle and to further enhance circulation of parti 
cles as described above. 

Yet another more speci?c object of the invention is to 
provide additional nozzle embodiments wherein the 
lateral openings are designed to produce rapid disper 
sion of the reactant gas into the ?uidized bed. One em 
bodiment of the nozzle includes radially offset lateral 
openings so that the reactant gas is caused to enter the 
coating chamber with a swirling effect. In another em 
bodiment, adjacent lateral openings are arranged to 
produce impinging jets of the reactant gas in order to 
accomplish more rapid dispersion thereof. In yet an 
other embodiment, lateral openings for the reactant gas 
are arranged adjacent openings for another gas which is 
caused to impinge with the reactant gas for the same 
purpose set forth above. In the particular case where 
the second gas is an inert gas, the nozzle region which 
is normally susceptible to maximum buildup is thus 
shielded from direct contact with reactant gas to further 
minimize or reduce such buildup. 
Even another speci?c object of the invention is to 

provide a gas coating apparatus wherein reactant gas is 
introduced into a coating chamber through the lateral 
openings in an elongated nozzle while a levitating gas is 
similarly introduced radially outwardly, with or with 
out a circumferential component of velocity into the 
coating chamber around a lower portion of the nozzle. 

Additional objects and advantages of the present 
invention are made apparent in the following descrip 
tion having reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an axially sectioned view of a gas coating 
chamber including a reactant gas nozzle constructed 
and arranged in accordance with the present invention. 
FIG. 2 is an enlarged axial view of the nozzle taken 

along section line II-—II in FIG. 1. 
FIG. 3 is a schematic representation of a gas coating 

chamber illustrating particle ?ow developed within the 
coating chamber by the nozzle construction of the pres 
ent invention. 
FIG. 4 is a schematic representation of a similar gas 

coating chamber with similar particle ?ow which is 
additionally enhanced by the radially outward intro 
duction of levitating gas about the base of the nozzle. 
FIG. 5 is a fragmentary, axially sectioned view of 

another embodiment of an extended nozzle according 
to the present invention. ‘ 
FIG. 6 is an axial view of the nozzle of FIG. 5 taken 

along section line VI-VI in FIG. 5. 
FIG. 7 is also a fragmentary, axially sectioned view of 

still another embodiment of a nozzle constructed ac 
cording to the present invention. 
FIG. 8 is a view of the nozzle of FIG. 7 taken along 

section line VIII-VIII in FIG. 7. 
FIG. 9 is an unsectioned view of the nozzle of FIG. 

7. 
FIG. 10 is also a fragmentary, axially sectioned view 

of yet another embodiment of a nozzle constructed 
according to the present invention. 
FIG. 11 is a view taken along section line XI—XI in 

FIG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Generally, the present invention is directed toward 
an apparatus for carrying out the gas coating of parti 
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4 
cles suspended in a ?uidized bed. More speci?cally, the 
particles are coated with a component from a reactant 
gas which is introduced into the ?uidized bed through 
an elongated nozzle extending upwardly from the ?oor 
of a coating chamber. Preferably, the particles are dis 
persed and suspended in the ?uidized bed by means of a 
levitating gas. 
The present invention is even more speci?cally di 

rected toward the con?guration of the elongated nozzle 
for introducing or directing the reactant gas into the 
coating chamber. 
Gas coating apparatus according to the present in 

vention is generally indicated at 10 in FIG. 1 and in 
cludes a coating chamber 12 having a base or ?oor 14. 
The floor 14 of the coating chamber is preferably an 
inverted conical member, as illustrated in FIG. 1, which 
is porous to permit the introduction of levitating gas 
into the coating chamber 12 for producing the ?uidized 
bed of particles. However, the present invention is not 
limited to a coating chamber having such a cylindrical 
con?guration or a conically shaped ?oor. For example, 
the ?oor 14 for the coating chamber may also be hemi 
spherical or may even have a ?at surface for example. 
As will be more apparent from the following descrip 
tion having reference to FIG. 4, the chamber floor 14 is 
also not limited to a porous or perforated formation. 
For example, the chamber ?oor 14 may also be solid 
with separate means being employed for the introduc 
tion of levitating gas. 
As was indicated above, the present invention is par 

ticularly directed toward the con?guration of an elon 
gated nozzle 16, and even more speci?cally toward the 
construction and arrangement of an outlet 18 at the 
upper end of the nozzle for introducing reactant gas 
into the coating chamber 12. Various embodiments of 
nozzle outlets are provided with the common purpose 
of directing the reactant or coating gas radially out 
wardly to limit deposition of coating material from the 
reactant gas on the nozzle and to improve penetration 
of the reactant gas into the ?uidized bed. As may be 
seen in FIG. 1, the nozzle outlet 18 comprises a number 
of circumferentially spaced apart openings or passages 
20 which are in communication with an axial passage 22 
in the nozzle through which reactant gas is supplied to 
the outlet openings. The radial arrangement of the pas 
sages 20 may be best seen in FIG. 2. Preferably, as is 
illustrated in FIG. 1, the openings or passages 20 are 
sloped upwardly in order to even further reduce deposi 
tion upon the nozzle and to further promote uniform 
circulation of particles through the ?uidized bed. 

It is noted at this point that reactant gas emerging 
from the outlet openings 20 imparts a radially outward 
velocity to particles within the ?uidized bed. This out 
ward velocity component in the particles results in a 
more uniform circulation of the particles within the bed 
and accordingly results in the application of a more 
uniform coating to all of the particles. Because of the 
outward velocity developed in the particles adjacent 
the nozzle, the particles tend to ?ow radially outwardly 
from the nozzle tip, upwardly along the walls of the 
coating chamber, then radially inwardly and down 
through an axially central portion of the coating cham 
ber as may be more clearly seen in FIG. 3. 
At this point, reference is made to FIG. 4 wherein 

another embodiment of the gas coating apparatus 10’ is 
illustrated. The coating apparatus 10’ of FIG. 4 is gener 
ally similar to that of FIGS. 1 and 3 except that levitat 
ing gas is introduced into the coating chamber through 
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ori?ces 24 circumferentially spaced apart about the base 
of the nozzle 16. With the arrangement of FIG. 4, it may 
accordingly be seen that the flow of both reactant and 
levitating gas follows substantially the same pattern 
described above within the coating chamber to facilitate 
uniform circulation of particles throughout the fluidized 
bed with more uniform coating of the'particles there 
fore being possible. The levitating gas ori?ces 24 of 
FIG. 4 may also preferably have a spiral con?guration 
in order to impart a circumferential or swirl component 
of velocity to levitating gas entering the coating cham 
ber. ' 

Additional modifications for the nozzle outlet are 
illustrated in FIGS. 5-11 for further enhancing coating 
properties and coating ef?ciency. Coating efficiency is 
particularly contemplated here as the fraction of the 
total coating material from the reactant or coating gas 
which is actually deposited upon the particles. In gen 
eral, these properties may be improved if the coating 
gas is rapidly dispersed across the ?uidized bed after 
exiting the nozzle outlet 18. 
The nozzle modi?cations of FIGS. 5-11 are thus 

intended to promote more rapid dispersion of the reac 
tant gas. The embodiments of these FIGURES are 
described in greater detail below. However, it is gener 
ally noted that in FIG. 5, the outlet openings for the 
nozzle are arranged to provide a rotational component 
to the reactant gas, preferably by radially offsetting the 
outlet passages. In FIG. 7, pairs of outlet openings cause 
jets of the reactant or coating gas to impinge with each 
other in order to promote dispersion through the fluid 
ized bed. In FIG. 10, the outlet openings for the reac 
tant gas are coupled with outlet openings for a second 
gas to accomplish the same purpose described above in 
connection with FIG. 7. The second gas employed in 
the nozzle arrangement of FIG. 10 may be either an 
inert gas or one or more additional components of a 
multi-component coating gas, for example. 
The features of the coating apparatus and nozzle 

embodiments of FIGS. 1-11 are described in greater 
detail below along with the preferred method of opera 
tion. ' 

Referring now to FIG. 1, the coating chamber 12 
may preferably be arranged within a reactor vessel 
including vertical walls 26, the reactor vessel being 
suitable for disposition within a high temperature fur 
nace (not otherwise shown). 
The inverted conical chamber ?oor 14 has .an in 

cluded angle within the general range of 30° to 140°. 
Preferably, the included angle of the conical floor 14 is 
selected within a range of approximately 45° to approxi 
mately 90°. In each of FIGS. 1, 3 and 4, the floor mem 
ber is illustrated with a' 60° included angle. 

Referring particularly to FIG. 3, an annular space 28 
is formed beneath the conical floor 14 for receiving 
levitating gas. The levitating gas then penetrates up 
wardly through the porous ?oor 14 in order to suspend 
the particles to be coated within the chamber 12. 

Referring again to FIG. 1 and also to FIG. 2, the 
reactant nozzle 16 extends upwardly from the apex of 
the floor member 14. As was noted above, the outlet 
passages 20 are circumferentially spaced apart and an 
gled upwardly so that reactant gas from the axial pas 
sage 22 exits the nozzle and ?ows radially outwardly 
and upward to promote particle circulation along the 
flow path illustrated in FIG. 3. It is particularly impor 
tant in FIG. 1 that the upper end 30 of the nozzle is 
effectively closed. This feature of the nozzle is believed 
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6 
to be an important factor contributing to the reduced 
carbon buildup upon the nozzle. 

Additional means may be required for supplying both 
reactant and levitating gas to the nozzle and the annular 
passage 28 respectively. Conventional means may be 
employed for this purpose and such features are not 
important ‘to the present invention. Similarly, provision 
is commonly made for unloading coated particles from 
the chamber 12. For example, the nozzle may be 
mounted on a movable probe (not otherwise shown) 
which may be lowered to form an annular opening at 
the apex of the floor 14 for unloading the coated parti 
cles. Here again, this feature is not a portion of the 
present invention. 

Before continuing with the nozzle embodiments of 
FIGS. 5-11, it is noted that, in the embodiment of FIG. 
4, the porous conical floor member 14 of FIG. 1 is 
replaced with a solid ?oor indicated at 14’ in FIG. 4. An 
annular ring means 40 encompassing the base of the 
nozzle 16’ forms the outlet ori?ce or passages 24 re 
ferred to above for introducing levitating gas into the 
coating chamber 12'. The ori?ces or passages 24 are 
formed so that the levitating gas enters the coating 
chamber radially, with or without a circumferential 
component of velocity, and generally parallel with the 
coating chamber ?oor 14'. Accordingly, the How of 
both reactant and levitating gas within the coating 
member 12' follows the same path of circulation de 
scribed above in conjunction with FIG. 3. Both the 
levitating and reactant gases thus tend to promote uni 
form circulation of the particles throughout the ?uid 
ized bed. 
To describe the additional nozzle embodiments cor 

responding to the nozzle 16 of FIGS. 1-3, reference is 
initially made to FIGS. 5 and 6. In FIG. 5, the upper 
end of a nozzle 50 is illustrated forming an axial passage 
52 which corresponds to the axial passage 22 in FIG. 1. 
The upper end 54 of the nozzle 50 is closed in the same 
manner described above for the nozzle 16. A plurality 
of circumferentially spaced apart outlet openings or 
passages 56 are formed in generally the same manner 
described above for the outlet openings or pasages 20 in 
the nozzle 16. However, the passages 56 are radially 
offset in order to impart a swirl effect to reactant gas 
which exits radially from the nozzle 50. Referring mo 
mentarily to FIG. 3, the outlet con?guration for the 
nozzle 50 tends to additionally impart rotational motion 
to the particles in the fluidized bed about the vertical 
axis of the coating chamber. This effect is believed to 
even further enhance uniform'circulation of particles 
throughout the bed with more uniform coatings being 
applied to the particles. 

In the embodiment of FIGS. 7-9, yet another em 
bodiment of the nozzle is indicated at 70 with an axial 
passage 72 and closed upper end 74. The nozzle 70 
similarly includes a plurality of spaced apart openings 
or passages 76 which are radially offset in the manner 
described above for the nozzle 50. However, in the 
nozzle 70, adjacent pairs of opposed passages 76 are 
offset in opposite circumferential directions so that jets 
of reactant gas being directed radially outwardly 
through such adjacent pairs of openings or passages 
tend to impinge with each other. This effect has been 
found to improve dispersion of the reactant gas within 
the fluidized bed as was also discussed above. Although 
the reactant gas tends to be dispersed throughout the 
?uidized bed more rapidly, the same circulation pattern 
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illustrated in FIG. 3 tends to be maintained for particles 
throughout the bed. 

In FIGS. 10 and 11, yet another embodiment of a 
nozzle is illustrated at 100 wherein jets of reactant gas 
are caused to impinge with jets of a second gas for 
accomplishing more rapid dispersion of the gas into the 
?uidized bed in the same manner as described above in 
connection with FIGS. 7-9. In FIG. 10, the nozzle 10 
includes an axial passage 102 for directing reactant gas 
to outlet passages 20, 56 or 76 as described above in 
connection with FIGS. 1, 2 and 5-9. However, the 
nozzle 100 also includes a second passage 106 extending 
along its length and concentric with the passage 102. 
This annular passage 106 is in communication with a 
second set of outlet passages 108. Each of the passages 
108 is arranged adjacent one or more of the abovenoted 
passages 104, each set of passages 104 and 108 being 
further arranged to cause impingement of gases from 
the supply passages 102 and 106 at a point radially out 
wardly from the nozzle. As indicated above, one of the 
passages 102 and 106 supplies a reactant or coating gas 
while the other passage may supply either the same 
coating gas, an additional component of the coating gas 
or even an inert gas similar to the levitating gases de 
scribed above. 

Accordingly, there has been described a particularly 
effective apparatus for accomplishing the gas coating of 
particles suspended in a ?uidized bed. Additional varia 
tions besides those described above are believed to be 
obvious within the scope of the present invention. For 
example, the angles of radial offset for the various sets 
of outlet ori?ces in the nozzles of FIGS. 5-11 may be 
equal or unequal. In particular, various features for the 
different nozzle arrangements of FIGS. 1, 2 and 5-11 
may be combined with each other within the scope of 
the present invention. Accordingly, the scope of the 
present invention is de?ned only by the following ap 
pended claims. 
What is claimed is: 
1. In gas coating apparatus for coating particles with 

a substance contained in a reactant gas while the parti 
cles are suspended in a ?uidized bed, the apparatus 
including means de?ning a coating chamber for con 
taining the particles to be coated and a ?oor for the 
coating chamber, and gas feed means at said ?oor to 
effect said ?uidization, the improvement comprising an 
elongated nozzle extending substantially upwardly 
from and centrally of the chamber ?oor for introducing 
reactant gas into the coating chamber, the nozzle being 
closed at its upper end, an annular portion of the nozzle 
adjacent its upper end forming a plurality of outwardly 
directed, circumferentially spaced apart outlet passages 
for introducing the reactant gas into the coating cham 
ber to minimize deposition of material from the reactant 
gas on the upper end of the nozzle and to enhance parti 
cle distribution within the ?uidized bed, said outlet 
passages being angled upwardly and outwardly and 
being radially offset with respect to any plane extending 
radially from the longitudinal axis of the nozzle 
whereby to effect swirling of the reactant gas intro 
duced into the coating chamber. 

2. The gas coating apparatus of claim 1 wherein adja 
cent pairs of said circumferentially spaced apart outlet 
passages are directed inwardly towards one another in 
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8 
order to produce impinging jets of the discharged reac~ 
tant gas for facilitating dispersion of the reactant gas 
within the coating chamber. 

3. The gas coating apparatus of claim 1 said nozzle 
further comprising a second set of circumferentially 
spaced apart outlet passages, one or more of said second 
set of passages being arranged to converge radially 
outwardly with one or more of said plurality of outlet 
passages, said elongated nozzle including means for 
communicating a second gas to said second set of outlet 
passages so that jets of said reactant gas and said second 
gas are impinged within the coating chamber radially 
outwardly from said nozzle. 

4. The gas coating apparatus of claim 1 wherein said 
gas feed means are arranged about a lower portion of 
said nozzle for introducing a ?ow of levitating gas radi 
ally outwardly into the coating chamber for suspending 
the particles in the ?uidized bed. 

5. In gas coating apparatus for coating particles with 
a substance contained in a reactant gas while the parti 
cles are dispersed and suspended in a ?uidized bed by 
means of a levitating gas, the gas coating apparatus 
including a generally cylindrical coating chamber for 
containing the particles to be coated and a ?oor forming 
a lower surface of the coating chamber, the improve 
ment comprising an elongated nozzle extending sub 
stantially upwardly from the chamber ?oor and being 
generally centrally located thereon for introducing 
reactant gas into the chamber, the upper end of the 
elongated nozzle being closed, an annular portion of the 
nozzle adjacent its upper end forming a plurality of 
circumferentially spaced apart outlet openings of di 
recting reactant gas from the upper end of the nozzle 
into the coating chamber, said openings being upwardly 
and outwardly directed and being radially offset with 
respect to any plane extending radially from the longi 
tudinal axis of the nozzle whereby to effect swirling of 
the reactant gas introduced into the coating chamber, 
an ori?ce ring means being arranged about a lower 
portion of the nozzle and including a plurality of cir 
cumferentially spaced apart ori?ces for radially intro 
ducing levitating gas into the coating chamber in gener 
ally parallel ?ow with the coating chamber base, flow 
of both the levitating and reactant gases tending to 
promote particle movement within the ?uidized bed 
radially outwardly and then upwardly along lateral 
walls of the coating chamber, then radially inwardly 
and downward toward the nozzle in order to maintain 
uniform circulation of the particles through the fluid 
ized bed. 

6. The gas coating apparatus of claim 5 wherein adja 
cent pairs of said circumferentially spaced apart outlet 
passages tend to converge outwardly in order to pro 
duce impinging jets of reactant gas for facilitating dis 
persion of the reactant gas within the coating chamber. 

7. The gas coating apparatus of claim 5 said nozzle 
further comprising a second set of circumferentially 
spaced apart outlet passages, one or more of said second 
set of passages being arranged to converge radially 
outwardly with one or more of said plurality of outlet 
passages, said elongated nozzle including means for 
communicating a second gas to said second set of outlet 
passages. 

i i it ll It 
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